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PROBLEM TO BE SOLVED: To enable a 
compressed self ignition combustion area to expand 
on the high-load side, by delaying ignition timing at 
the time of compressed self ignition combustion so as 
to slower the pace of increase in pressure within a 
cylinder. 

SOLUTION: A fuel injection valve 10 is disposed to a 
cylinder wall on an intake port 6 side, a first recessed 
chamber 41 having a small opening area is formed in 
the fuel injection valve 10 side of a piston crown 4a, 
and a second recessed chamber 42 having a large 
opening area is formed near the first recessed 
chamber 41. Rich air-fuel mixture 52 is supplied in 
the first recessed chamber 41, and lean air-fuel 
mixture 51 is supplied in the second recessed chamber 42; and the rich air-fuel mixture 52 
is burnt by spark ignition posterior to a top dead center to generate heat, and the heat 
causes the compressed self-ignition combustion of the lean air-fuel mixture 51. 
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* NOTICES * 

JPO and NCIPX are not: responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The direct injection internal combustion engine in a cylinder characterized by forming the 
2nd alcove which adjoins in the direction of an axis of said fuel injection valve to this 1st alcove 
while equipping the periphery of a combustion chamber with the fuel injection valve and forming the 
1st alcove in the edge by the side of said fuel injection valve of a piston crestal plane. 
[Claim 2] The direct injection internal combustion engine in a cylinder according to claim 1 with 
which opening area in the piston crestal plane of said 1 st alcove is characterized by being smaller 
than the opening area of said 2nd alcove. 

[Claim 3] The direct injection internal combustion engine in a cylinder according to claim 1 or 2 
with which the depth of said 1st alcove is characterized by being shallower than the depth of said 
2nd alcove. 

[Claim 4] The direct injection internal combustion engine in a cylinder of any one publication of 
claim 1 -3 characterized by being formed in the shape of [ to which said 2nd alcove is circular in the 
cross section in the direction of an axis of a fuel injection valve, and opening spreads even in the 
periphery of a piston crestal plane ] an abbreviation rectangle. 

[Claim 5] The direct injection internal combustion engine in a cylinder of any one publication of 
claim 1-4 characterized by having a tumble flow strengthening means to strengthen the tumble flow 
formed in a cylinder like an inhalation-of-air line in a suction port. 

[Claim 6] The direct injection internal combustion engine in a cylinder according to claim 5 
characterized by strengthening the tumble flow which said tumble flow strengthening means is the 
latching valve which opens and closes a suction port partially, and inhalation of air is made to 
produce channeling by closing this latching valve, and is formed in a cylinder like an inhalation-of- 
air line. 

[Claim 7] The direct injection internal combustion engine in a cylinder of any one publication of 
claim 1-6 characterized by allotting rich gaseous mixture to said 1st alcove, and allotting Lean 
gaseous mixture to said 2nd alcove. 

[Claim 8] The direct injection internal combustion engine in a cylinder according to claim 7 which is 
the gaseous mixture to which the rich gaseous mixture allotted to said 1 st alcove results in 
compressed self-ignition [ near the top dead center ], and is characterized by making the Lean 
gaseous mixture allotted to said 2nd alcove result in compressed self-ignition combustion by the 
compressed self-ignition of the rich gaseous mixture allotted to this 1 st alcove. 
[Claim 9] The direct injection internal combustion engine in a cylinder according to claim 7 
characterized by making the Lean gaseous mixture allotted to said 2nd alcove by lighting the rich 
gaseous mixture allotted to said 1st alcove by jump spark ignition of an ignition plug result in 
compressed self-ignition combustion. 

[Claim 10] The direct injection internal combustion engine in a cylinder of any one publication of 
claim 7-9 characterized by allotting rich gaseous mixture to said 1 st alcove, and allotting Lean 
gaseous mixture to said 2nd alcove by making a fuel inject from said fuel injection valve in a 
compression stroke. 

[Claim 1 1 ] allotting rich gaseous mixture to said 1 st alcove, and allotting Lean gaseous mixture to 
said 2nd alcove [ in the same cycle ], by making a fuel inject in at least 2 steps of fuel injection [ / 
near the top dead center ], and the fuel injection before this fuel injection timing from the second half 
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of a compression stroke, — the direct injection internal combustion engine in a cylinder of any one 
publication of claim 7-9 characterized by things. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the engine which makes compressed self-ignition 
combustion perform especially using a fuel with the low cetane number like a gasoline about the 
direct injection internal combustion engine in a cylinder. 
[0002] 

[Description of the Prior Art] Conventionally, there were some which are indicated by JP,10- 
196424, A as an internal combustion engine which performs compressed self-ignition combustion, 
applying compression by said control piston further to the gaseous mixture which this thing was 
equipped with the control piston as an auxiliary compression means apart from the piston in a 
cylinder, and was compressed even into the elevated temperature in front of self-ignition — it is — the 
above — it has composition to which self-ignition of the gaseous mixture is carried out all at once. 
[0003] Moreover, the engine constituted so that jump spark ignition by the ignition plug might cause 
self-ignition is indicated by JP,1 1-210539,A. the gas temperature in the cylinder in the compression 
stroke last stage lights this thing — gaseous mixture — he is trying to maintain the gas temperature in 
the cylinder in the compression stroke last stage to the above-mentioned target temperature by 
judging whether it is the target temperature which causes the whole self-ignition, and controlling the 
valve-opening stage of an inlet valve based on this decision 
[0004] 

[Problem(s) to be Solved by the Invention] by the way, unlike combustion by flame propagation, 
compressed self-ignition combustion has the advantage that a local combustion temperature is low 
and NOx occurs only in ultralow volume — on the other hand, homogeneous gaseous mixture — at a 
place, in order that the whole region in a cylinder may light all at once, when gaseous mixture is 
made rich with a rise of a load, there is a problem that the rate of a pressure buildup in a cylinder 
becomes large too much, and vibration and the noise become large. 

[0005] Therefore, in order to expand the load field to which compressed self-ignition combustion 
operation is made to perform to a heavy load side, it is necessary to set up an ignition stage near a 
top dead center or after it, and to control the rate of a pressure buildup in a cylinder by making the 
period after a top dead center produce a great portion of combustion. However, when an ignition 
stage is delayed near a top dead center or after it, in order that early combustion may progress with 
descent of a piston, combustion tends to become unstable, in order to expand the load field to which 
compressed self-ignition combustion operation is made to perform to a heavy load side, the stage of 
ignition is delayed, and the stable flammability needs to be made to be obtained. 
[0006] gaseous mixture homogeneous on the other hand — at a place, if the assistance by ignition 
plug which is indicated by JP,1 1-210539,A is applied, the ignition stage of compressed self-ignition 
combustion can be stabilized. However, by the above-mentioned approach, though compressed self- 
ignition combustion occurs near a top dead center or after it, an ignition stage cannot be delayed and 
effectiveness is not demonstrated for expansion by the side of the heavy load of a compressed self- 
ignition combustion zone. 

[0007] moreover, compressed self-ignition combustion — setting — local — rich gaseous mixture — a 
place — forming — the self-ignition from there — or spark ignition is carried out — making — rich 
gaseous mixture — the approach of carrying out compressed self-ignition of the surrounding fuel by 
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combustion from a place is indicated by JP,1 1-210539,A. However, a fuel is injected towards a 
piston crestal plane from the peripheral wall of the side by which the inlet valve of a combustion 
chamber is arranged so that it may be indicated by JP,1 1-2 10539, A. With the configuration which 
raises the fuel spray along with the wall surface prepared in the piston crestal plane, and is brought 
together in the circumference of an ignition plug rich — ignition PURAGUHE which it was difficult 
to stop gaseous mixture in a fixed location, and it allotted focusing on the cylinder head, in order to 
supply rich gaseous mixture adequately Since rich gaseous mixture exists mostly even if it is 
necessary to inject many fuels and is able to delay an ignition stage near a top dead center or after it, 
it is difficult to lower the rate of a pressure buildup. 

[0008] this invention is made in view of the above-mentioned trouble — having — rich gaseous 
mixture — carrying out compressed self-ignition of the surrounding fuel by combustion from a place 

— certain - the rate of a pressure buildup — it can control — with — **** — it aims at offering the 
direct injection internal combustion engine in a cylinder which becomes possible [ expanding a 
compressed self-ignition combustion zone to a heavy load side ]. 

[0009] 

[Means for Solving the Problem] Therefore, in invention according to claim 1, while equipping the 
periphery of a combustion chamber with the fuel injection valve and forming the 1st alcove in the 
edge by the side of said fuel injection valve of a piston crestal plane, it considered as the 
configuration which forms the 2nd alcove which adjoins in the direction of an axis of said fuel 
injection valve to this 1st alcove. 

[0010] According to this configuration, it becomes possible to form the 1st alcove and the 2nd 
alcove on a piston crestal plane, and to form the gaseous mixture of concentration (air-fuel ratio) 
different, respectively in these 1st alcoves and the 2nd alcove along the direction of an axis of a fuel 
injection valve. In invention according to claim 2, opening area in the piston crestal plane of said 1st 
alcove was considered as the configuration made smaller than the opening area of said 2nd alcove. 
[001 1] according to this configuration — the opening area of the 2nd alcove of a side with an opening 
area of the 1st alcove of the side near a fuel injection valve far from a fuel injection valve — narrow - 

- the 1st alcove — local gaseous mixture — while a place is formed, stratification-ization of the 
gaseous mixture from which concentration differs by the combustion chamber is performed by 
allotting the gaseous mixture from which concentration differs to the 2nd alcove where opening area 
is large. In invention according to claim 3, the depth of said 1st alcove was considered as the 
configuration made shallower than the depth of said 2nd alcove. 

[0012] according to this configuration - the opening area of the 2nd alcove of a side with the depth 
of the 1st alcove of the side near a fuel injection valve far from a fuel injection valve ~ shallow — the 
1 st alcove — local gaseous mixture — while a place is formed, stratification-ization of the gaseous 
mixture from which concentration differs by the combustion chamber is performed by allotting the 
gaseous mixture from which concentration differs to the 2nd deep alcove. In invention according to 
claim 4, it considered as the configuration formed in the shape of [ to which said 2nd alcove is 
circular in the cross section in the direction of an axis of a fuel injection valve, and opening spreads 
even in the periphery of a piston crestal plane ] an abbreviation rectangle. 

[0013] According to this configuration, the tumble flow by the inhalation of air in a cylinder is held 
by being formed in the shape of [ to which the base of the 2nd alcove is circular in the cross section 
in the direction of an axis of a fuel injection valve, and ** also spreads even in the periphery of a 
piston crestal plane ] an abbreviation rectangle. It considered as the configuration equipped with a 
tumble flow strengthening means to strengthen with invention according to claim 5 the tumble flow 
formed in a cylinder like an inhalation-of-air line in a suction port. 

[0014] According to this configuration, the tumble flow formed of inhalation of air in a cylinder by 
the tumble flow strengthening means is strengthened positively. In invention according to claim 6, it 
was the latching valve which opens and closes a suction port partially, and said tumble flow 
strengthening means made inhalation of air produce channeling by closing this latching valve, and 
considered as the configuration which strengthens the tumble flow formed in a cylinder like an 
inhalation-of-air line. 

[0015] According to this configuration, channeling of inhalation of air arises so that a tumble flow 
may be strengthened with a part of suction port being covered by the latching valve. In invention 
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according to claim 7, it considered as the configuration which allots rich gaseous mixture to said 1 st 
alcove, and allots Lean gaseous mixture to said 2nd alcove. Lean gaseous mixture is allotted to the 
2nd alcove contiguous to this 1st alcove, and rich according to this configuration, while rich gaseous 
mixture is allotted to the 1st alcove — rich in the Lean gaseous mixture which adjoins because 
gaseous mixture burns by jump spark ignition or compressed self-ignition — it is possible for you to 
make it result in self-ignition combustion in generation of heat of gaseous mixture. 
[0016] In invention according to claim 8, it is the gaseous mixture to which the rich gaseous mixture 
allotted to said 1 st alcove results in compressed self-ignition [ near the top dead center ], and 
considered as the configuration in which the Lean gaseous mixture allotted to said 2nd alcove is 
made to result in compressed self-ignition combustion by the compressed self-ignition of the rich 
gaseous mixture allotted to this 1 st alcove. If the rich gaseous mixture which was allotted to the 1st 
alcove according to this configuration results in compressed self-ignition, the Lean gaseous mixture 
allotted to the 2nd alcove which adjoins by the generation of heat will result in compressed self- 
ignition combustion. 

[0017] In invention according to claim 9, it considered as the configuration in which the Lean 
gaseous mixture allotted to said 2nd alcove is made to result in compressed self-ignition combustion 
by lighting the rich gaseous mixture allotted to said 1st alcove by jump spark ignition of an ignition 
plug. If jump spark ignition of the rich gaseous mixture which was allotted to the 1st alcove 
according to this configuration is carried out with an ignition plug, the Lean gaseous mixture allotted 
to the 2nd alcove which adjoins by the generation of heat will result in compressed self-ignition 
combustion. 

[0018] In invention according to claim 10, it considered as the configuration which allots rich 
gaseous mixture to said 1st alcove, and allots Lean gaseous mixture to said 2nd alcove by making a 
fuel inject from said fuel injection valve in a compression stroke. According to this configuration, 
Lean [ the 2nd alcove which collision diffusion is carried out, and the base of the 1st alcove is 
covered with rich gaseous mixture in the 1st alcove, and adjoins ] fuel spray gaseous mixture is 
formed by injecting a fuel in a compression stroke. 

[0019] In invention according to claim 1 1, it considered as the configuration which allots rich 
gaseous mixture to said 1st alcove, and allots Lean gaseous mixture to said 2nd alcove by making a 
fuel inject in at least 2 steps of fuel injection [ / near the top dead center ], and the fuel injection 
before this fuel injection timing from the second half of a compression stroke [ in the same cycle ]. 
according to this configuration, the fuel injected [ near the top dead center ] from the second half of a 
compression stroke stops [ the 1st concave interior of a room ] and is rich — the fuel injected in the 
stage before fuel injection timing [ / near the top dead center ] from this second half of a 
compression stroke while forming gaseous mixture — diffusion — the 2nd alcove — Lean — gaseous 
mixture is formed. 
[0020] 

[Effect of the Invention] gaseous mixture possible [ according to invention according to claim 1 
allotting the gaseous mixture of concentration (air-fuel ratio) which is different in the 1 st alcove and 
the 2nd alcove, and stratification-izing gaseous mixture stably ], and rich — in the configuration to 
which compressed self-ignition of the Lean gaseous mixture which adjoins by combustion from a 
place is carried out, only necessary minimum can make rich gaseous mixture able to generate, it can 
be made to light, and it is effective in the ability to be able to delay combustion of most fuels now. 
[0021] according to invention of claim 2 and three publications — the 1st alcove — local gaseous 
mixture — it considers as forming space and is effective in the ability to stratification-ize certainly 
gaseous mixture from which concentration differs. According to invention according to claim 4, the 
tumble flow by inhalation of air is held by the 2nd alcove, the gaseous mixture generated by the 2nd 
alcove can be equalized, and it is effective in the ability to raise combustion stability. 
[0022] According to invention of claim 5 and six publications, the gaseous mixture generated by the 
2nd alcove can be equalized by strengthening the tumble flow generated by inhalation of air, and it is 
effective in the ability to raise combustion stability, according to invention according to claim 7, it is 
stably allotted to the 1 st alcove — local — rich — compressed self-ignition of the Lean gaseous 
mixture allotted to the 2nd alcove can be carried out by combustion of gaseous mixture, and 
necessary minimum is rich — it becomes possible by combustion of gaseous mixture to make most 
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fuels result in compressed self-ignition combustion, and it is effective in the ability to expand now a 
compressed self-ignition combustion zone to a heavy load side because combustion of most fuels is 
overdue. 

[0023] Since the Lean gaseous mixture allotted to the 2nd alcove which adjoins by compressed self- 
ignition combustion of the rich gaseous mixture allotted to the 1 st alcove is made to result in 
compressed self-ignition combustion according to invention according to claim 8, a great portion of 
combustion is generated near a top dead center or after it, the rate of a pressure buildup can be 
controlled, and it is effective in the ability to expand now a compressed self-ignition combustion 
zone to a heavy load side. 

[0024] Since the Lean gaseous mixture allotted to the 2nd alcove which adjoins by jump-spark- 
ignition combustion of the rich gaseous mixture allotted to the 1 st alcove is made to result in 
compressed self-ignition combustion according to invention according to claim 9 While being able 
to generate a great portion of combustion near a top dead center or after it, being able to control the 
rate of a pressure buildup and being able to expand a compressed self-ignition combustion zone to a 
heavy load side Since jump-spark-ignition combustion of the rich gaseous mixture allotted to the 1st 
alcove is carried out, it is effective in being controllable within limits which can control the rate of a 
pressure buildup for a self-ignition stage, and can secure combustion stability. 
[0025] According to invention according to claim 10, it is effective in the ability to perform easily 
allotting rich gaseous mixture to the 1 st alcove and allotting Lean gaseous mixture to the 2nd alcove 
by injection in a compression stroke, stably rich [ to the 1st alcove ] by considering as the 
configuration which injects a fuel in 2 steps or more within the same cycle, and making the fuel 
injection of the 2nd henceforth perform [ near the top dead center ] from the second half of a 
compression stroke according to invention according to claim 1 1 — it is effective in the ability to 
form gaseous mixture. 
[0026] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained based on 
drawing below. Drawing 1 shows the gasoline engine of the direct injection in a cylinder with which 
this invention is applied. In this drawing 1 , an engine's 1 combustion chamber 2 is formed of a 
cylinder 3, a piston 4, and the cylinder head 5. 

[0027] An intake valve 7 is infixed in the suction port 6 which is open for free passage to said 
combustion chamber 2, and the exhaust air bulb 9 is infixed in the exhaust air port 8 which is 
similarly open for free passage to a combustion chamber 2. Said cylinder head 5 is formed in a 
PENTO roof mold, and said intake valve 7 and the exhaust air bulb 9 are arranged at a V type. The 
fuel injection valve 10 which injects a fuel towards piston crestal plane 4a is formed in the cylinder 
wall by the side of said suction port 6, and an ignition plug 1 1 is formed in it that jump spark ignition 
of the gaseous mixture of fuel injection valve 10 directly under should be carried out to the this about 
ten fuel injection valve cylinder head 5. 

[0028] The 1st alcove 41 and the 2nd alcove 42 are formed in the crestal plane of said piston 4. Said 
1st alcove 41 is formed so that a base may become deep in a core, while being formed in the edge by 
the side of the fuel injection valve 10 of a piston crestal plane and making opening into a short 
ellipse form at the shaft orientations of a fuel injection valve 10. in addition, gaseous mixture with an 
opening area of said 1st alcove 41 local to about 1 1 ignition plug — compared with the opening area 
of the 2nd alcove 42, it is formed small sharply that a place should be formed. 
[0029] Moreover, the 2nd alcove 42 is adjoined and formed in the direction of an axis of a fuel 
injection valve 10 to said 1st alcove 41, from the side near a fuel injection valve 10, is located in a 
line in order of the 1st alcove 41 and the 2nd alcove 42, and is formed. Opening of said 2nd alcove 
42 has the shape of a rectangle which consists of the side of the pair which intersects perpendicularly 
the sides and these sides of the pair prolonged along the direction of an axis of a fuel injection valve 
10, and it is formed so that it may spread even in the periphery of a piston crestal plane. And as 
elliptical opening of said 1st alcove 41 touches one side by the side of the fuel injection valve 10 of 
opening of the shape of said rectangle, the 1st alcove 41 and the 2nd alcove 42 adjoin it. 
[0030] Moreover, the base of said 2nd alcove 42 is formed so that it may become radii-like in the 
cross section of the direction of an axis of a fuel injection valve 10, and the maximum depth is 
formed so that it may become deeper than said 1st alcove 41. The engine control unit (henceforth 
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ECU) 20 which controls the injection quantity and fuel injection timing by said fuel injection valve 
10, and the ignition timing by the ignition plug 1 1 By which combustion system of compressed self- 
ignition combustion and jump-spark-ignition combustion, operation By the combustion pattern 
judging section 21 which judges whether it carries out according to a service condition, the jump- 
spark-ignition combustion control section 22 which controls said fuel injection valve 10 and ignition 
plug 1 1 at the time of jump-spark-ignition combustion, and the self-ignition combustion control 
section 23 which controls said fuel injection valve 10 and ignition plug 1 1 at the time of compressed 
self-ignition combustion It is constituted. 

[0031] As shown in drawing 2 , said combustion pattern judging section 21 is a configuration which 
distinguishes a combustion system based on an engine's load and rotational frequency N (rpm), 
judges a low Naka load and a low middle turn field as a compressed self-ignition combustion zone, 
and judges the other heavy load and quantity rotation field to be a jump-spark-ignition combustion 
zone. In addition, although said combustion pattern judging section 21, the jump-spark-ignition 
combustion control section 22, and the self-ignition combustion control section 23 can be constituted 
from a hard-wired logical circuit, they are realized as a program of a microcomputer with this 
operation gestalt. 

[0032] The flow chart of drawing 3 shows the situation of the fuel-injection control by said ECU20, 
and reads an engine's 1 load and rotational frequency at step SI 01. At step SI 02, it distinguishes 
whether it is a low loading field in the compressed self-ignition combustion zone shown in drawing 
2 . And when it is a low loading field in a compressed self-ignition combustion zone, progress to step 
SI 03, fuel injection is made to perform in the second half from the first half of a compression stroke, 
and this 1st fuel injection generates the gaseous mixture [ Lean / SUTOIKI / (theoretical air fuel 
ratio) / of whenever / high stratification ] 51 to the 2nd alcove 42. 

[0033] Subsequently, progress to step SI 04, fuel injection is made to perform by the low flow rate 
from the 1st time [ near the top dead center ] from the second half of a compression stroke, and the 
rich gaseous mixture 52 near SUTOIKI (theoretical air fuel ratio) is formed in said 1st alcove 41 by 
this 2nd fuel injection, and it is allotted to the 1st alcove 41 — rich — Lean who gaseous mixture 52 is 
burned behind a top dead center with spark ignition by the ignition plug 11, and is allotted to the 2nd 
adjoining alcove 42 by generation of heat by this combustion — gaseous mixture 51 is made to result 
in compressed self-ignition combustion 

[0034] On the other hand, when it was not a low loading field in a compressed self-ignition 
combustion zone at step SI 02 and is distinguished, it progresses to step SI 05 and distinguishes 
whether it is an inside load field in a compressed self-ignition combustion zone. And when it is an 
inside load field in a compressed self-ignition combustion zone, it progresses to step SI 06. 
[0035] At step SI 06, fuel injection is made to perform like an inhalation-of-air line, and this 1st fuel 
injection generates the gaseous mixture [ Lean / SUTOIKI / (theoretical air fuel ratio) / of whenever / 
high stratification ] 51 to the 2nd alcove 42. Subsequently, progress to step SI 07, fuel injection is 
made to perform by the low flow rate from the 1st time [ near the top dead center ] from the second 
half of a compression stroke, and the rich gaseous mixture 52 near SUTOIKI (theoretical air fuel 
ratio) is formed in said 1st alcove 41 by this 2nd fuel injection. 

[0036] and it is allotted to the 1st alcove 41 — rich — Lean who gaseous mixture 52 is burned behind 
a top dead center with spark ignition by the ignition plug 1 1 , and is allotted to the 2nd adjoining 
alcove 42 by generation of heat by this combustion — gaseous mixture 51 is made to result in 
compressed self-ignition combustion Moreover, when it was not an inside load field at step SI 05 and 
is distinguished, it is a heavy load field applicable to a jump-spark-ignition combustion zone, and it 
progresses to step SI 08 at this time, and an inhalation-of-air line forms the gaseous mixture of 
homogeneity in inside from said fuel injection valve 10 at a combustion chamber by carrying out 
whole-quantity injection of the need fuel quantity at a time. 

[0037] And ignition combustion of said uniform gaseous mixture is carried out by jump spark 
ignition of an ignition plug 1 1 . as mentioned above, rich [ near SUTOIKI ] in a compressed self- 
ignition combustion zone — burning gaseous mixture 52 behind a top dead center by jump spark 
ignition — this — generation of heat of gaseous mixture 52 — Lean — if it is the configuration of 
making gaseous mixture 51 resulting in compressed self- ignition combustion, a great portion of 
combustion will occur at the period after a top dead center. 
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[0038] namely, homogeneity — gaseous mixture — rich as mentioned above, although self-ignition 
will be carried out all at once and an ignition stage cannot be delayed, when carrying out compressed 
self-ignition combustion at a place, and the conditions of a pressure and temperature are ready near a 
top dead center — generation of heat by combustion of gaseous mixture 52 — Lean — if it is the 
configuration of making gaseous mixture 51 resulting in compressed self-ignition combustion, the 
stage of self-ignition can be delayed from a top dead center, and a great portion of combustion will 
arise at the period after a top dead center. 

[0039] As mentioned above, if the period after a top dead center can be made to produce a great 
portion of combustion, the rate of a pressure buildup in the cylinder leading to knocking is controlled 
(refer to drawing 4 ), and a compressed self-ignition field can be expanded to the heavy load side 
whose demand of ftiel quantity increases. Moreover, if whenever [ cylinder internal temperature / 
which influences a compressed self-ignition stage ] receives effect in the residual gas in a cylinder 
and a self-ignition stage carries out a tooth lead angle once, combustion stability will fall, so that 
whenever [ part cylinder internal temperature / whose heat release increases ] goes up as shown in 
drawing 4 , the inclination in which an ignition stage carries out a tooth lead angle more is shown 
and a self-ignition stage becomes late. 

[0040] however, rich [ near SUTOIKI ] as mentioned above — burning gaseous mixture 52 by jump 
spark ignition — Lean — if it is the configuration of making gaseous mixture 51 resulting in 
compressed self-ignition combustion, a self-ignition stage can be controlled through a jump-spark- 
ignition stage, and is shown in drawing 5 — as — the inside of a knocking limitation — and it becomes 
possible to control a self-ignition stage within narrow limits which can secure combustion stability. 
[0041] By moreover, the thing considered as the configuration which establishes the 1st alcove 41 in 
the location near the fuel injection valve 10 of a piston crestal plane, is made to adjoin this 1st alcove 
41 and forms the 2nd alcove 42 rich — gaseous mixture 52 — the 1st alcove 41 — allotting — stopping 
— Lean — gaseous mixture 51 is allotted to the 2nd adjoining alcove 42 — stratification-izing of 
gaseous mixture — easy — it can carry out — Lean — the rate of a pressure buildup can be controlled 
certainly that what is necessary is just to supply the minimum fuel which carries out sufficient 
generation of heat for making gaseous mixture 51 result in compressed self-ignition combustion to 
the 1st alcove 41. 

[0042] in addition, near SUTOIKI (theoretical air fuel ratio) allotted to said 1st alcove 41 with the 
above-mentioned operation gestalt is rich — it is allotted to said 1st alcove 41 although considered as 
the configuration which carries out jump spark ignition to gaseous mixture 52 — rich — Lean who is 
made to do compressed self-ignition combustion of the gaseous mixture 52, and is allotted to the 2nd 
alcove 42 by generation of heat by this combustion — it can also constitute so that gaseous mixture 
51 may be made to result in compressed self-ignition combustion. 

[0043] Although it becomes possible to be able to delay a great portion of combustion and to control 
the rate of a pressure buildup by this compared with the case where compressed self-ignition 
combustion of the uniform gaseous mixture in a combustion chamber 2 is carried out all at once also 
in the above-mentioned cases it is allotted to said 1st alcove 41 — rich — delaying a self-ignition 
stage more, if it is the configuration to which jump spark ignition of the gaseous mixture 52 is 
carried out — possible — and Lean — since it is possible to control the self-ignition stage of gaseous 
mixture 51, the self-ignition combustion stabilized more can be made to perform 
[0044] By the way, although it considered as the configuration which mikes a fuel inject in 2 steps 
within the same cycle with the above-mentioned operation gestalt in order to allot the rich gaseous 
mixture 52 near SUTOIKI (theoretical air fuel ratio) in the 1st alcove 41 and to allot the gaseous 
mixture [ Lean / SUTOIKI ] 51 to the 2nd alcove 42, it is possible to also make only one injection in 
a compression stroke generate gaseous mixture 5 1 and 52. 

[0045] that is, if a fuel is injected in a compression stroke, the fuel spray is collided and spread on 
the base of the 1 st alcove 41, and is rich to the 1 st alcove 41 — the 2nd alcove 42 side which adjoins 
while gaseous mixture 52 collects — Lean — gaseous mixture 51 is generated, however, the direction 
considered as the configuration which makes a fuel inject in 2 steps — the gaseous mixture of 
whenever [ high stratification ] — it being stabilized, being able to perform formation and changing 
the angle of spray of each two injection by to any of the 1st and 2 alcove a fuel is supplied further — 
more — high stratification — degree gaseous mixture — formation becomes possible. 
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[0046] moreover, Lean generated by the 2nd alcove 42 by strengthening the tumble flow (the arrow 
head A in drawing 1 ) generated in a cylinder like an inhalation-of-air line as shown in drawing 6 — 
diffusion of the fuel which gaseous mixture 51 equalizes and is arranged on the 2nd alcove 42 — it 
can control — Lean — the combustion stability of gaseous mixture 5 1 can be raised. So, with this 
operation gestalt, a suction port 6 is made into a straight port, and the inhalation-of-air line is made 
into the configuration which is easy to generate a tumble flow in a combustion chamber 2 in inside. 
[0047] Moreover, it is made to be held by having formed in the shape of [ which uses opening of the 
2nd alcove 42 as opening of the shape of a rectangle which spreads to the circumference of a piston 
crestal plane, and meets a tumble flow in a base ] radii in the tumble flow in a combustion chamber 
2. Furthermore, the electric shielding valve 61 which covers the abbreviation one half of the side 
near the cylinder wall of a suction port 6 is infixed, and it is made to have produced channeling of 
inhalation of air which strengthens a tumble flow with carrying out clausilium of this electric 
shielding valve 61 . 

[0048] Lean who will be generated by the 2nd alcove 42 if a tumble flow strengthening means to 
strengthen a tumble flow positively like the above-mentioned electric shielding valve 61 is formed in 
a suction port 6 — diffusion of the fuel which advances equalization of gaseous mixture 51 and is 
arranged on the 2nd alcove 42 can be controlled more certainly, and the stability of self-ignition 
combustion can be raised more. In addition, with each above-mentioned operation gestalt, although 
the configuration of the cylinder head 5 was made into the PENTO roof, it is good also as a 
configuration [ flat, for example ], and the configuration of the cylinder head 5 is not limited. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] An internal combustion engine's block diagram in an operation gestalt. 
[Drawing 2] Drawing showing the self-ignition combustion zone and jump-spark-ignition 
combustion zone in an operation gestalt. 

[Drawing 3] The flow chart which shows the situation of the fuel-injection control in an operation 
gestalt. 

[Drawing 4] The diagram showing correlation with a compressed self-ignition stage, a pressure, and 
a generating heating value. 

[Drawing 5] The diagram showing correlation with a compressed self-ignition stage, knock 
reinforcement, and combustion stability. 

[Drawing 6] The diagram showing correlation with the reinforcement of a tumble flow, and 
combustion stability. 
[Description of Notations] 



1 - 


- Internal combustion engine 


2- 


- Combustion chamber 


3- 


- Cylinder 


4- 


- Piston 


4a 


— Crestal plane 


5 - 


- Cylinder head 


6- 


- Suction port 


7- 


- Intake valve 


8- 


- Exhaust air port 


9- 


- Exhaust air bulb 


10 


— Fuel injection valve 


11 


— Ignition plug 


20 


— Engine control unit (ECU) 


21 


— Combustion pattern judging section 


22 


— Jump-spark-ignition combustion control section 


23 


— Self-ignition combustion control section 


41 


— The 1st alcove 


42 


— The 2nd alcove 


51 


— Lean — gaseous mixture 


52 


— rich — gaseous mixture 


61 


— Electric shielding valve 



[Translation done.] 
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[Drawing 1] 




[Dr awing 2] 
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[Drawing 6] 
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5 2ro^fC«k-5^T. U->*!£ia5 1 ^BESSiB 

J: o » © M m £ i; -s c t *c ?tt -a . 

[0 0 3 9] ±|2©«fc5fC. *»»0««l*±JEjiiJ: 0 
40 «CDj«|IIIlcflki;S-tt-«c:i:3&«T?*tltf, Sv*>if<Dm 

fig) . JEI8£e«*fg«£^#»»g##if*SiiSAffi 

£*-r^->u >y\^umt. ->u >^©ss^xtc^ 

[0 0 4 0] L*>L, ±IB(0«tpfC. XK*ifi«OU 
50 y7m-er&S2&'X1£&'X\Z&-DTmm£i* : S>££\Zj; 



( 6 ) 

9 

#tfire&nfcf. ttmxmmz, xit&xmm&it-VT 

•fflTT*. 0 5 KtkT / y*>if1SL%-Pi-ei>^ 

[0 0 4 1] &tz. tfXh >S®©$S*WS*# 1 0 (Cjg 

«r>fi«fc» 1C3I4 1 <&^tt. i D3^4 i 

^5 i zmm-tz>&2cnM4 2 KgE-r-s. ji^Kos 10 

11314 ltft»tfttfA<. EEa±JMSfc«*fc*DIH 

[0 0 4 2] ±E*«»«Trtt. trials lGa^ 4 1 
5 2 icik^ik-rs-Wfig^Lfc*^ meat 1 pg£4 1 c 

««K:J:**l»Tr»2iaa[4 2fcB*n45U->«^« 
5 1 *JEE*ee»^c*B*lliKM^L,»*J:"5««-r-6i:t 20 

[0 0 4 3] ±K©*&t>, «tt£2|*i©JS— &Sfc» 

*S«HWr*i:t*»^I«t«t**«. MIBIil!gt4i(: 
'J ?7IM5 2 *^jfti*t**««fiJt-C*n 

30 

[0 0 4 4] ±!3*J£JBtlTtt, Sl[Hlt4 

cfiL. S§2G3£42K:;*h-f*«J;9fc'J— 
5 1tBt4fc»C. HI— i^;H^T2HK:»WTJB 
»*i»itattS*M6£Lfcrt«. EttffSfaileKDiRtt 
<8*K:«J:oT, jg"&^5 1 , 5 2CD^fi£<£'fft>-erS;it 

[o o 4 5] bp*., jEE*ffa4'fc*»t*i*-rntf, as 
mmmam iihs4i <n^m\zm^vxmsiV. m 1 ca 

*4 lfc'Jy^«^«5 2*«jBS*-*, »»-r*IB2 40 

oft 4 2flettu->iMs l^sns. <au 
flioWMtii, 2pa^©^rnfcj8s»*«^-rs 
[0 0 4 6] @6ic^-r«fcpfc. sflLfra-r^u 

ftrf££<fcT. ft 2 Das 4 2i:M*ni.'J->I^ 
5 1^- ftUT. A21H1&4 2£E-rSfttta> 50 
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tt**8>IMTS. 'J->S^ 5 1 Olft3ctS*|6)± 
-h6SXhU-h#-h£U ttAffS*C«Btt£2 
[0 0 4 7] ft2[H^4 2<0|I§O8B£, tfXh> 

T Sjg&#6 1 ®i&iK#6 1 JH^tSC 

ntz>&5\zVT&z>. 

[0 0 4 8] ±fB©>tiBi# 61©i3 \Z? >7)VWL&ft. 

mmz&it-tz,? >^;u»»{t¥a*«ft#- i- 6 ess 

»tn«. «2[!0£4 2C4*Sft5'J->S§«5 1© 

^— ft:***. «2iaa4 2fcE , r**8»ota:* 

[01] *|&ftH£K:«l?*AMSMH0>*ttH. 

[0 2] ^Jfi^fC*5ttSiB*f^«S«l««tilC^iM 

[03] *it»jBK*w*«B»*i#wfi©«^s*-r7 

n— =f-\ — K 

[04] JEISeE*J»c^fWtBE*RtJf^^«t«>ffiH 

[05] jiffieB«jk^F«!«ky y^iME&tfttMftttde 
[0 6] *>:/;i/M«^S!<t^&££«<hcoffiBS£^-r 
[#^©s&9i] 

1 -MUM 

2 - IBM 

3- x'J >^ 

4- tfX t-> 
4a-II 

5- ->u yy-^ v h* 

7 -faAJP^ 
8-iMStf-h 
9 --^A^y 
1 0-ft*Ml*# 

1 l-faX??? 

2 0 — X>i?>3 > h a—)U3--y b (ECU) 
2 l-*jft/t*->*j£« 

2 2 -M&ajimmtmm 

2 3-aS*j*c«jR«flfS 
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4 

4 2-fg2[H]^ 

5 l-U->fi£ft 
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6 1-*K# 
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(51) Int. CI- 7 
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